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CastinfT Material for Indefinite Chill Rolls with a Sleeve Part and Method fo r 

Producing the Same 

The invention relates to a method for the production of alloyed casting material, 
in particular of material for the working area of indefinite chill rolls, containing the 
elements carbon, silicon, manganese, chromium, nickel, molybdenum, vanadium, and 
optionally also other elements of group 5 of the periodic system, aluminum, and the 
remainder iron and impurities related to the manufacturing process. 

The invention further relates to a casting material containing the elements listed 

above. 

Finally, the invention includes a composite indefinite chill roll, especially for 
work rolls for forming flat steel, comprising a work or sleeve part made of a casting alloy 
with little tendency to adhere or weld to the rolling stock and of a high-strength core part 
made of low-alloy cast iron, especially of ductile iron. 

Tools or machine parts that are exposed to numerous stresses of different types 
require a special set of properties. For this reason, the most appropriate materials and 
manufacturing process must be selected for each case with regard to feasibility and 
economical manufacture as well as the service life of the parts in practical use. 

Parts which are exposed to varying temperatures above room temperature, 
especially for hot forming of workpieces, are made of casting materials in many 
applications. As a result of such a choice of material, distortion due to local differences 
in temperature can advantageously be minimized to a great extent, the manufacture of the 
parts can be made economical, and the material properties can be largely matched to the 
stresses. 



Work rolls used for hot rolling of steel, for example, rolls in wide-strip hot rolling 
mills, especially in Steckel stands and in the finishing stands, on the one hand, are 
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exposed to high mechanical and thermal stresses and, on the other hand, must exhibit the 
least possible tendency toward sticking and welding to the rolling stock. Specifically, the 
thinner the hot strip is rolled, the higher the specific contact pressures become between 
the work roll and rolling stock, which significantly increases a tendency toward adhesion 
of the strip to the roll surface, enhanced by the low final roll temperatures of the last 
stands. This sticking or welding of the roll surface to the strip can lead to tearing of 
material out of the strip, which in and of itself and through its adhesion to the roll can 
lead to further rolling defects, which often perforce leads to a reduced quality in the hot 
rolled strip. 

It is known to use an indefinite chill cast material in the working area of the rolls 
in the last stands of a hot strip rolling mill in order to meet the requirements regarding a 
reduction of friction in the roll gap and reduction of a tendency of the strip to stick to the 
roll surface, and also to increase the resistance to stripping and thermal shock damage to 
the material. 

The indefinite chill quality comprises three essentially different structural 
constituents that are formed as cast, specifically graphite, carbides, and a steel-like 
matrix. Only the matrix can be significantly altered by heat treatment. The indefinite chill 
roll quality and/or alloy forms a large amount of carbide and little graphite in the structure 
when solidification is rapid, and at lower solidification rates the relationship is reversed, 
i.e., less carbide and more graphite is formed. This has the consequence that rapidly 
solidified material is harder and slowly solidified material is softer. In an indefinite chill 
roll, this has the effect that the carbide content drops as the distance from the cast surface 
increases, the graphite content rises, and the hardness likewise decreases. Since no 
defined jump in hardness can be observed in this case, this quality has been named 
"indefinite." 

However, graphite precipitation can degrade the hardness and especially the wear 
properties of the material, so the microstructure should also contain hard carbides to 
minimize this disadvantage. 
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It is known to one skilled in the art to create a cast structure with graphite 
particles and carbides using alloying methods, where the content of elements that promote 
graphite formation, primarily nickel and silicon, and the content of carbide formers, 
primarily small amounts of chromium and molybdenum, as well as the carbon content in 
5 the melt must all be coordinated with one another and where their interactions during 

solidification must also be taken into account. 

According to the prior art, indefinite chill rolls have a composition in wt-% of 2.6 
to 3.6 % carbon, 0.6 to 1.1 % silicon, 0.6 to 1.0 % manganese, 1.5 to 2.1 % chromium, 
10 4.1 to 4.6% nickel, 0.3 to 0.5% molybdenum, with the remainder being iron, 

accompanying elements, and impurities. The structvire of the working body or the jacket 
of a composite roll is primarily composed of a bainitic and/or martensitic matrix with 
constituents of 28 to 40 % of eutectic carbides and 1 .3 to 2.2 % graphite by volume, with 
5 to 20 graphite particles being present per mm^ of polished surface. 

15 

In order to improve the performance characteristics of indefinite chill rolls, 
especially to increase their wear resistance in the working area, attempts have already 
been made (PCT/GB 93/02380) to introduce preferable surface-layered carbide particles 
of greater hardness into the melt provided for this purpose. It is known to practitioners 

20 of the art that small amounts of high-hardness carbides increase wear resistance of the 

material more than the increase produced by typical-quality carbides of lower hardness. 
If the roll or the roll jacket is made from a melt of this type by means of a centrifugal 
casting process, undesirable segregation and inhomogeneities can be produced as a result 
of the centrifugal force and the differences in specific gravity between the carbide 

25 particles and the melt. Furthermore, the formation of the necessary graphite can be 

disrupted by the change in the melt. 

The proposal was made according to PCT/US 96/09181 to add 0.3 to 6.0 wt-% 
Nb to a melt having a balanced composition for indefinite chill rolls and to 
30 correspondingly increase the carbon content stoichiometrically with respect to the 

niobium carbide to be formed. While this process does increase the carbide content and 
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the wear resistance of the material, higher niobium contents can lead to primary 
formation of carbides which can result in coarsening of the carbide grains and the 
graphite particles. 

During the centrifugal casting of the working area of an indefinite chill roll, the 
alloy in the mold is subjected to a high centrifugal acceleration during solidification, for 
example, in the range of 80 to 180 g. Since the monocarbides of vanadium that are 
primarily formed in the melt have a lower density than the liquid metal, and those of 
niobium have a higher density, segregation and/or demixing can occur. A proposal has 
already been made (US 5 738 734) to prevent segregation by alloying the melt equally 
with vanadium and niobium in such a manner that the monocarbides formed during 
solidification are mixed carbides (VNb)C and have essentially the same density as the 
melt. As a resuh of the highest possible content for the monocarbide-forming elements 
of 17 wt-% per the above U.S. Patent, the carbon concentration must also be adjusted 
according to the known relationship. However, such an alloy can exhibit an undesirable 
solidification structure with localized demixing and large graphite particles, which can 
produce impaired surface quality of the roll after even a short operating time, and also 
increases the tendency to stick. 



Based on the prior art, the object of the invention is to specify a new, improved 
process by means of which the material of the working area of indefinite chill rolls has 
a significantly reduced tendency to stick or weld to the rolling stock and a consistently 
high abrasion resistance over the thickness of the area used. 

The invention has the additional goal of producing a casting material that has 
finely dispersed and homogeneously distributed graphite precipitations with a low 
volume ft"action, has special carbides with uniformly small grain diameter likewise 
uniformly distributed through the base material, and also has essentially unchanged 
working surface characteristics in the event of wear. 




Lastly, the invention has achieved the object of producing composite indefinite 
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chill rolls having significantly improved working characteristics and reduced danger of 
roll breakage, stripping and cracking in the core transition region. 



This object is attained in a generic process in that: 
5 A. A melt is produced that has a chemical composition in wt-% of 

2.0 to 3.5 C 
1.0 to 2.0 Si 
0.5 to 2.0 Mn 
1.0 to 3.0 Cr 
10 3.5 to 4.9 Ni 

0.2 to 2.9 Mo 

with the remainder iron and impurities, and 

B. More than 0.5 wt-% vanadium in amounts up to 5.9 is added, is dissolved 

therein, and 

1 5 C. The composition of the melt is set using alloying methods by fixing the concentrations 

of carbon and silicon in the presence of nickel and the effective sum of the carbide 
forming elements in such a manner that, at its solidification, a microstructure is formed 
which exhibits 1 .0 to 3 .0 vol-% of graphite, with the guideline that more than 20 and less 
than 100 graphite particles are present per mm^ of observed surface in a metallographic 

20 section and the remainder is primarily composed of martensite, 8 to 35 vol-% of eutectic 

carbides, and at least 1 vol-% of finely distributed vanadium carbides, after which 

D. The melt is cast in a form, preferably a centrifugal casting form, and is allowed to 
solidify into a body, preferably a working body of a roll, and if necessary the cast body 
is further processed, for example, into a composite roll, with the body or roll that has 

25 been produced in this manner being 

E. Subjected to heat treatment including at least one one-time heating to a treatment 
temperature, holding at this temperature, and cooling to room temperature. 

The advantages achieved by the invention lie essentially in the fact that the 
3 0 solidification kinetics of the melt and the structural morphology of the material have been 

set so as to be advantageously changed. This change is achieved through the synergistic 
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effect of the alloying elements in the specified concentrations, where a high number of 
small graphite particles is made possible by a slight increase, as compared to the prior art, 
in the silicon content and also aluminum in the presence of nickel in within tight limits. 
In this context, however, the effective total of the carbide-forming elements during 
eutectic solidification is important, where chromium and molybdenum in the provided 
concentrations were found to be critical influencing variables. Because at least some of 
the vanadium carbides are precipitated prior to eutectic solidification to the solubility 
limit of vanadium in the liquid alloy, it is important for these monocarbides to have a 
small particle size and thus to be incapable of segregating in the melt during solidification 
as a result of the applied centrifugal acceleration. According to the current state of 
knowledge, the fine-grain nature of the primary dispersed carbide precipitation is 
achieved through the interaction of carbon, silicon and nickel, on the one hand, and 
chromium, molybdenum and vanadium, on the other hand. These interactions of the 
activities of the elements are still not completely understood by science, but it can be 
assumed that advantageous precipitation kinetics are achieved during solidification and 
that with appropriate silicon content and nickel concentrations in the remaining melt the 
precipitation of graphite and eutectic carbides is delayed and that fine-grain residual 
solidification takes place once greater supercooling is achieved. The composition of the 
melt here should be set in such a way that the graphite portion in the solidified material 
is 1 .0 to 3.0 vol-%. Lower graphite percentages increase the tendency of the rolling stock 
to stick to the roll surface even at a high graphite particle density of over 20 per mm^ 
When the graphite content exceeds 3.0 vol-%, roll wear increases. Moreover, a content 
of between 8 to 35 vol-% of eutectic carbides and a content of at least 1 vol-% of special 
carbides or monocarbides is to be produced by alloying methods. Carbide proportions 
below 8 and 1 vol-%) lead to reduced wear resistance of the material, and more than 35 
vol-% of eutectic carbides increases the risk of cracking or breakage. 

Particularly pronounced crazing resistance as well as surface quality with low roll 
wear in operation can be achieved when the composition of the melt is established by 
alloying so that a microstructure is formed at solidification which has 1 .2 to 2.5 vol-%), 
preferably 1.25 to 1.95 vol-%), of graphite with the guideline that more than 22 but no 
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more than 90 graphite particles are present per mm^ of observed surface in a 
metallographic section and the remainder is primarily composed of martensite, 10 to 25 
vol-% of eutectic carbides, and 2 to 20 of finely distributed monocarbides. 

5 When, according to a preferred refinement of the invention, the composition of 

the melt is set such that, in the presence of nickel, the concentration ratio of carbon to 
silicon is less than or equal to 2.6, preferably less than or equal to 2.0, the graphite 
precipitation and/or the graphite fraction in the material can be held w^ithin the desired 
range v^ith high precision and within tight limits. At a ratio of carbon content to silicon 
10 content that exceeds 2.6, coarse primary carbides are formed and graphite formation is 

adversely affected as well. 

In the optimization of material properties and material quality, although it is 
advantageous for the carbon content of the melt to be set to a value of 2,2 to 3.1 vv1;-%, 
15 preferably 2.6 to 2.95. 

In the interests of an especially good balance of the graphite and carbide 
distribution during solidification, and in order to further improve the operating 
characteristics of the roll, it has been proven favorable for a final silicon content of more 
20 than 1 .2 to 1 .95 wt-%, preferably 1 .4 to 1 .75, to be provided. 

The element aluminum fosters the tendency toward graphite formation, on the one 
hand, but also causes fine-grain precipitation of special carbides, on the other hand. 
Aluminum can also partially replace silicon in terms of action kinetics and find 
25 application as a control element for a balanced graphite/carbide precipitation so that, 

when setting the composition of the melt by alloying means, aluminum can be added at 
0.002 to 0.65 and dissolved therein. Aluminum contents of 0.005 to 0.04 v^-Vo are 
preferred. 

30 The establishment of high material quality in tight limits is favorable when the 

nickel content of the melt is set to a value of 3.5 1 to 4.7 preferably 4. 1 5 to 4.6 wt- 
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In terms of solidification kinetics, but also with regard to the formation of a large 
number of graphite particles, it has proven advantageous for the concentration ratio of 
5 molybdenum to chromium to be less than 1 .0, preferably less than 0.8. 

Mo/Cr < 1.0, preferable < 0.8 

If the ratio exceeds 1 .0, high transformation stresses can arise during cooling and 
1 0 heat treatment of the composite roll, which can lead to material separation. This danger 

is greater with smaller rolls; however; for reasons of safety from cracking it is always 
advantageous to set the ratio of chromium content to molybdenum content below 0.8. 

fifi 

m 

In the interest of the deliberate formation of eutectic carbides and thus the 

yy 

hi 1 5 reduction of the risk of breakage of the roll material under impact stresses, it has proven 

advantageous for the content of chromium and molybdenum in the melt in wt-% to be set 
to the values of 

1==^ chromium 1 .2 to 2.6, preferably 1 .5 to 2.01 

K molybdenum 0.20 to 2.6, preferably 0.3 to 0.9. 

20 

Manganese serves primarily to bind sulfur, where it is advantageous for the 
manganese content in the melt to be set to a value in wt-% of 0.6 to 1.6, preferably 0.7 
to 1.45. 

25 In order to further promote a finely dispersed distribution of graphite particles, 

and to keep the grain size of the special carbides uniformly small, and thus improve the 
working properties of an indefinite chill roll, even under frequent abrasion, it can be of 
further advantage for 1.8 to 3.9 wt-%, preferably 1.9 to 2.9 wt-%, of vanadium to be 
added to the melt and dissolved therein. 

30 

It can also be advantageous when some of the vanadium is replaced by additional 
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elements from group 5 of the periodic system in an amount of less than 0.6 wt-%, and 
mixed carbides are formed. In the end, the prescribed material properties are achieved by 
means of heat treatment. In the course of the method according to the invention, it has 
proven advantageous for the cast body or the roll to be subjected to a heat treatment 
including at least one heating from room temperature to a treatment temperature of 400 
°C to 500 °C, preferably 460 ''C to 480 ^C, holding at this temperature for at least two 
hours, preferably at least 8 hours, and cooling to room temperature, optionally with a tow- 
temperature treatment. 

The further object of the invention is achieved with a casting material of the 
initially described type in that the alloy contains, in wt-%, 
0.5 to 5.9 V 
1.0 to 2.0 Si 
0.5 to 2.0 Mn 
1.0 to 3.0 Cr 
3.5 to 4.9 Ni 
0.20 to 2.9 Mo 

2.0 to 3.5 carbon with the guideline that 

1.0 to 3.0 vol-% is present as graphite particles with a distribution of more than 20 and 
less than 100 graphite particles per mm^ of metallographic polished surface of the 
material. 

The advantage of the material thus formed is its special suitability for construction 
of indefinite chill rolls, and can largely be observed in that, as compared to the prior art, 
a very constant graphite proportion is achieved with similar properties of the material. 
Due to the high graphite particle density brought about by alloying methods, the tendency 
of the rolling stock to weld or adhere to the surface of the roll is reduced significantly. A 
particle count below 20 per mm^ of observation surface does not demonstrate sufficient 
effect, however. The same applies when the number of graphite particles is above 1 00 per 
mm^ because then the diameter of the individual particles is too small to reduce the 
tendency to adhere to the required degree. For a high graphite particle count and a fine 
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eutectic solidification with small special carbides, it is necessary for the vanadium 
content to be greater than 0.5 wt-% because smaller concentrations do not achieve 
effective structural refinement.. In order to achieve formation of finely dispersed graphite 
particles and to maintain a desired solidification and structural arrangement when the 
5 requisite carbon content is present, it is also necessary to provide the elements silicon in 

the presence of nickel and also chromium and molybdenum within tight concentration 
limits, because these elements interact kinetically. However, a high vanadium content 
leads to coarse primary carbide precipitation of the MC type, and can cause increased 
fracture risk and flaking of the large carbides out of the working surface, so the 
1 0 concentration of this element in the material should not exceed the value of 5.9 wt-%. 



The service properties of the roll can be advantageously fiarther improved when the alloy 
contains 

1 .8 to 4.8 wt-% of elements of the vanadium group of the periodic system 

15 2.2 to 3.1 carbon with the guideline that 

1.2 to 2.5 vol-% of graphite is present as particles with a distribution of more than 22 
particles and less than 90 particles per mm^ of a metallographically polished surface. If 
the graphite particle count of 100 per mm^ of image surface is exceeded for a graphite 
content of 1 .8 vol-%, the tendency of the rolling stock to stick to the roll surface increases 

20 significantly. 

High quality assurance, especially with regard to the transformation behavior of 

the material, is achieved when the alloy contains, in wt-%, 

2.0 to 3.5 carbon 
25 1.0 to 2.0 silicon 

0.5 to 2.0 manganese 

1.0 to 3.0 chromium 

3.5 to 4.9 nickel 

0.2 to 2.9 molybdenum 
30 1 .5 to 4.9 vanadium 

with the remainder iron and impurities. 



P2 1259. SOI 1 1 PCT/ATOO/00102 

Furthermore, as became evident, it is advantageous in the formation according to 
the invention of the material composition with regard to a homogeneous and finely 
dispersed graphite particle formation as well as improved service properties of an 
indefinite chill roll if the alloy has a concentration ratio of carbon to silicon of less than 
or equal to 2.6, preferably less than or equal to 2.0, where the presence of nickel is 
provided. 

It has proven advantageous, both for especially fine graphite and carbide 
formation as well as for balanced eutectic graphite/carbide precipitation, for the alloy to 
contain greater than 1.2 to 1 .85 wt-% of silicon, preferably from 1.4 to L75 wt-%. 

Aluminum, in content levels from 0.002 to 0.65 preferably fi-om 0.005 to 

0.04 wt-%, can advantageously ensure a desired graphite and carbide formation as well 
as a fine solidification structure of the cast body. 

With regard to a controlled graphite content and an intended assumption of 
hardness of the material, it is preferred for the alloy to contain 3.5 to 4.9 wt-% of nickel, 
preferably 4.15 to 4.6 wt-%. 

In order to bind the sulfixr, the alloy can beneficially contain 0.6 to 1.6 wt-%, 
preferably 0.6 to 1.6 v^-%>, of manganese. 

Both the solidification morphology and the transformation behavior of the sleeve 
material can be improved, and the risk of cracking of the composite roll can be reduced, 
when the alloy has a concentration ratio of molybdenum to chromium of less than 1.0, 
preferably less than 0.8. In this way, the inner stresses of a roll are significantly reduced. 
This applies to vanadium content levels of up to 5.9 wt-% and only low content levels of 
further elements from group 5 of the periodic systems. The proportion of eutectic 
carbides in the roll material can be advantageously developed by content levels in wt-%) 
of 1 .5 to 2.01 of chromium and concentrations from 0.3 to 0.9 of molybdenum, especially 
with a carbon content from 2.6 to 2.95 wt-%. 
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When the alloy contains 1 .8 to 4.0 wt-% of vanadium, preferably 1 .9 to 2,95 wt- 
%, favorable resistance to wear with high material hardness and an improved structural 
transformation behavior of the material are achieved at the same time. 

5 It is also possible to replace some of the vanadium content with other 

monocarbide-forming elements from group 5 of the periodic system in amounts less than 
0.6 wt-%. At niobium or tantalum concentrations in the alloy of 0.6 wt-% and greater, 
coarse phases may be formed in the structure which worsen the properties of the working 
roll and the surface quality of the rolling stock. 

10 

Finally, improved resistance to breakage and a low stripping tendency with 
improved wear characteristics of the cast material can be achieved if the cast material 
possesses, in vol-%, 

8 to 35, preferably 10 to 25, eutectic carbide and 
15 1 to 15, preferably 2 to 10, carbides from group 5, the vanadium group, of the periodic 

system. 

The further object of the invention, namely to specify composite indefinite chill 
rolls of the generic type produced with the centrifugal casting process and having 

20 significantly improved working characteristics and reduced danger of roll breakage, 

stripping, crazing and cracking in the transition region to the core, is achieved in that the 
working area or sleeve has a thickness of 10 to 150 mm, and the sleeve material has a 
structure comprising primarily of 1 .0 to 2.5 vol-% of graphite, where the latter is present 
in finely dispersed form with a graphite particle count of more than 20 particles per mm^ 

25 of ametallographic polished surface, and of 8 to 35 vol-% of eutectic carbides, of 1 to 20 

vol-% of vanadium carbides that are uniformly distributed, especially in the direction of 
the sleeve thickness, with the remainder being essentially martensite and constituents 
related to impurities or the manufacturing process, and has a hardness between 70 and 90 
ShC. 

30 

The advantage of the rolls according to the invention is essentially that the sleeve 



259 . so 1 13 PCT/ATOO/00 1 02 

metallically bound to the core with high strength has a high graphite particle count, which 
particularly effectively prevents adhesion or welding of the rolling stock during roll 
operation. This homogeneous graphite formation and the uniform distribution of the 
small vanadium special carbides is achieved by using alloying methods to influence the 
solidification kinetics so that demixing due to so-called centrifugal segregation carmot 
take place during the centrifugal casting process. Thus, in an advantageous fashion, the 
structural arrangement and the roll performance are largely the same after every instance 
of reworking the working surface, even in the event of necessary radial grinding. The roll 
performance in each case up until a necessary reworking of the surface is advantageously 
improved because the high graphite particle density effects an increased crazing 
resistance as well as an improved surface quality of the sleeve, which is more wear- 
resistant as a result of the special carbides. 

Improved properties of a roll according to the invention can be attained with 
certainty when the working area or sleeve material has a structure which contains 1 .0 to 
2.5 vol-% of graphite, with the guideline that its distribution density is at least 22 
particles but less than 100 graphite particles per mm^ of polished surface in a 
metallographic section, contains eutectic carbides in an amount of 10 to 25 vol-%, and 
2 to 10 vol-% of special carbides of the elements of group 5 of the periodic system 

If, according to a preferred material variant, the working or sleeve material has 
a composition, in wt-%, of 

C 2.0 to 3.5, preferably 2.21 to 3.1, especially 2.6 to 2.95 

Si 1.0 to 2.0, preferably over 1.2 to 1.85, especially 1.4 to 1.75 

Mn 0.5 to 2.0, preferably 0.6 to 1.6, especially 0.7 to 1.4 

Cr = 1.0 to 3.0, preferably 1.3 to 2.5, especially 1.5 to 2.01 

Ni = 2,5 to 4.9, preferably 3.5 to 4.7, especially 4.15 to 4.6 

Mo = 0.2 to 2.9, preferably 0.25 to 1.3, especially 0.3 to 0.9 

Al = 0.002 to 0.65, preferably 0.005 to 0.1, especially 0.005 to 0.04 

V = 0.5 to 5.9, preferably 1.8 to 3.9, especially 1.9 to 2.9 

optionally, Nb and/or Ta less than 0.6 
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with the remainder being iron and impurities 

and the roll core is formed of ductile iron, then high resistance to wear, reduced danger 
of crack formation and crack propagation, and high hardness of the working area of the 
roll are assured. 

High protection from the initiation of cracks can be achieved when the binding 
zone between the sleeve or working area and the roll core of low-alloy cast iron, 
preferably of ductile iron, has, in the radial direction, a bending strength (3 -point bending 
test) of greater than 600 N/mm^. 

The invention is described in detail below using graphs and illustrations of test 
results as well as a table. Shown are: 



H= 15 



Fig. 1 a graph of C/Si 

Fig. 2 a graph of Mo/Cr 

Figs. 3 and 4 unetched photomicrographs 



20 Tab. 1 roll materials and their performance in practical use. 

Fig. 1 shows the concentration of silicon and carbon, where the inventive region 
is described by the points a, P, 6. Preferred regions with a ratio of C/Si = 2.6 (region 
A) (a, P, y, 6\ a^) and a ratio of C/Si < 2.0 (region B) (a, p, y, 6^) are marked. 



25 



Fig. 2 shows a graph of molybdenum and chromium in which the ratio region (a, 
^, ^) according to the invention of the content is represented. The preferred regions 
with a ratio of Mo/Cr < 1.0 (region A) (Ot, Q., ^^ one with Mo/Cr = 0.8 

(region B) (a, ^, X^ 6, 6^, a^) are identified as in Fig. 1. 



30 



Fig. 3 shows, in a photomicrograph with 50x magnification, the formation of 
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graphite in a roll material according to the prior art. The roll sleeve had the following 
chemical composition in wt-%: C = 3 .09, Si = 0.91 , Mn = 0.84, Cr = 1 .79, Ni = 4.5 1 , Mo 
= 0.38, Al = 0.003, graphite content: 3.9 vol-%, 18 graphite particles per mm^. Fig. 4 
shows, in a photomicrograph with the same 5 Ox magnification, the large number and 
uniform distribution of graphite particles in a working area of a roll composed according 
to the invention. The chemical composition of the working area in wt-% was C = 3.02, 
Si = 1 .42, Mn = 0.9, Cr = 1 .8, Ni =^ 4.36, Mo = 0.52, V = 2.9, Al = .008, graphite content: 
2.8 vol-%, 42 graphite particles per mm^. 

In comparison to a material according to the prior art, despite a lower carbon 
content and lower graphite content of the alloy according to the invention, the number of 
graphite particles was more than twice as large and 3.2 vol-% of vanadium carbides were 
measured. 

Table 1 summarizes the chemical composition of the roll sleeve, the structural 
composition and the roll performance achieved in practical use for each of 10 roll pairs. 
The rolls designated A through E, which were manufactured according to prior art, hence 
were not alloyed with vanadium; the rolls designated F through J were manufactured with 
a sleeve material alloyed according to the invention. 

By means of additional alloying with vanadium (rolls F through N), the formation 
of hard vanadium carbides with small grain size and largely homogeneous distribution 
in the material was possible with a reduced proportion of eutectic carbides, by means of 
which the wear resistance of the material, and finally the roll performance, were 
significantly improved. A high graphite particle count per mm^, which was achieved 
through the interactions of the activities of the elements Cr, Si, Ni, Mo, C and V, 
prevented sticking or welding of the rolling stock to or with the roll surface, even at low 
graphite proportions. The addition of niobium and tantalum, which is to say of additional 
elements from group 5 of the periodic system, produced a small increase in the wear 
resistance and roll performance in operation at contents less than 0.6 wt-%. It is 
noteworthy that the formation and propagation of cracks, as well as stripping, were 
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significantly reduced in the sleeve material according to the invention, which can 
probably be attributed to the large number of graphite particles. Microscopic examination 
demonstrated that the monocarbides MC had small grain sizes and were primarily 
distributed in finely dispersed form. Since the density of the vanadium carbides is 
5 approximately 5.82 g/cm^ at room temperature, on the one hand, and no centrifugal 

segregation caused by the centrifugal casting was observable on the other hand, we can 
conclude that the precipitation of special carbides and the fine precipitation of graphite 
occurred primarily during the eutectic solidification and that primary precipitation was 
largely inhibited. 
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